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积分变换，以及如何快速计算广义的 Fock 矩阵。 










关计算，发现该二聚体之间的相互作用主要是 Co 原子中 dz2 轨道之间的成键作






















The applications of valence bond (VB) methods based on the non-orthogonal 
orbitals are currently limited to small molecules. This thesis presents the Cholesky 
decomposition based valence bond self-consistent field, and makes it possible to treat 
the systems including more than one thousand basis functions, which broadens the 
scope of ab initio VB applications. The main points are presented as follows. 
Chapter 1 summarizes briefly the development of valence bond theory and 
Cholesky technique in quantum chemistry, and proposes the objectives of this thesis.  
Chapter 2 presents the details of Cholesky decomposition based valence bond 
self-consistent field, and raises three key points including how to do Cholesky 
decomposition of two-electron integrals directly, to avoid the integral transformation, 
and to calculate the Fock matrix efficiently. 
Chapter 3 modifies the PREINT integral package and parallelizes the direct 
algorithm for the Cholesky decomposition of two-electron integrals. This package has 
a good usability and high scalability, and the algorithm has a qualified parallelization 
performance.  
Chapter 4 develops a fast algorithm for computing the valence orbitals based 
two-electron integrals. This algorithm transforms the Cholesky vectors only, avoiding 
the time-consuming integral transformation, and thus reduces the cost dramatically 
compared with the conventional algorithms. 
Chapter 5 develops the efficient algorithm for the construction of Fock matrix. It 
makes fully use of Cholesky technique, BLAS library and the parallel technique, so 
that the cost of Coulomb matrix can be reduced significantly and the computation of 
exchange matrix is also saved a lot. 
Chapter 6 investigates the dimer interaction in a metal complex (Co2C8N8H16). It 
is found that the dz2 orbital of Co atoms and pz orbital of C, N atoms play a major role 

















Key Words: Valence Bond Self-Consistent Field; Cholesky Decomposition; 




































杂化的原子轨道（Hybrid Atomic Orbital, HAO），成键变形轨道（Bond Distorted 




Self-Consistent Field, VBSCF） [7, 8] 和基于完全活性空间价键自洽场方法

















法（Breathing Orbital Valence Bond, BOVB）[10]，价键组态相互作用方法（Valence 
Bond Configuration Interaction, VBCI）[11]，价键二阶微扰理论方法（Valence Bond 
Second perturbation Theory, VBPT2）[12, 13]，还有基于密度泛函理论的价键方法
（Density Functional Theory Based Valence Bond, DFVB）[14-16]；还有一些组合的
价键方法，如可极化连续模型的价键方法(Polarizable Continuum Model Based 
Valence Bond, VBPCM)
[17]，和分子动力学 /价键理论的混合型方法（The 
Combination of Valence Bond and Molecular Dynamics, VB/MM）[18]；还有一些应
用型的理论方法，如块定域波函数方法（Block Localized Wavefunction, BLW）[19]
和分子轨道-价键联合方法（Molecular Orbital Valence Bond, MOVB）[20]等。以上
的方法已经广泛应用于基本的化学问题，值得说明的是，在这些价键理论方法中，
大部分方法都要基于价键自洽场方法，这意味着，价键自洽场方法对价键理论起
到奠基性的作用。[6, 21, 22] 
1.1.2价键自洽场方法及其优化算法 
在价键自洽场方法中，体系的多电子波函数可以表达成一系列价键结构的线
性组合，同时这种价键结构函数也称之为 Heitler-London-Slater-Pauling 函数， 
 = ,K K
K
C   (1. 1) 















 (1. 2) 
  
其中 KLH 和 KLM 分别是体系哈密顿（Hamiltonian）和重叠（Overlap）矩阵。同时，
价键结构 K 可以由 Slater 行列式进行展开，每个 Slater 行列式又可以由一组价





   (1. 3) 
































以完全避免体系 Hessian 矩阵求解。其中非常著名的是有限制内存的 BFGS 算法






是最快的计算复杂度仍为 O(d2n4)，其中 d 为价键结构展开成 Slater 行列式的个
数，n 为体系的总电子数。最近 Chen 等人[30-32]提出一种基于约化密度矩阵



























的价键程序包，其主要有李加波课题组的价键程序包 VB2000[33]，Van Lenthe 课




发的 XMVB 程序包，一个基于非正交轨道的从头算程序包。 
XMVB1.0 程序包[35]是在 2003 年发布，此版本实现了价键矩阵元的对不变
式算法，描述电子静态相关的 VBSCF 方法，和描述动态相关的 VBCI 方法等。






经过两年的时间，XMVB2.1 程序包在 2014 年发布，此本版具有与 CASSCF 匹
敌的 VBSCF(CAS)方法，同时，也具有一个自动代码生成器（Automatic Formula 







这 GUI 无疑能够让用户更加容易学习 XMVB 程序包，同时也能够更加直观地查
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